techniques are hindered by uncertainties inherent to individual 23 geochronometers. Such uncertainties can be minimised by combining multiple 24 independent techniques. In this study, we combine 10 Be exposure dating of 25 boulder tops and U-series dating of layered pedogenic carbonate cements 26 accumulated on the underside of clasts from two separate alluvial surfaces. 27
These surfaces are both displaced by the active Ölgiy strike-slip fault in the 28
Mongolian Altay Mountains. We date individual layers of pedogenic carbonate, 29
and for the first time apply a Bayesian statistical analysis to the results to 30 develop a history of carbonate accumulation. Our approach to the U-series dating 31 provides an age of initiation of carbonate cement formation and avoids the 32 problem of averaging contributions from younger layers within the carbonate. and as a result, a detailed sub-surface stratigraphy of the deposits was not 214 determined. We refrain from defining a specific transport mechanism for the 215 two deposits, though the coarse and poorly sorted sediment containing very 216 large angular boulders, and the short steep catchment from which they were 217 derived, argue for rapid transport and deposition in a high-energy environment, 218 possibly in a single event. The western side of the fault is particularly protected 219 from active alluvial modification as a result of the east-facing scarp. Samples for 220 both dating methods were only collected from this western, more protected side 221 of the fault (Figure 3 paths (see Table A1 in the supplementary material for the measurements that 241 were included in uncertainty calculations). The two displaced streams are 242 incised into the margins of the younger surface F2, likely due to the slight 243 convexity in the F2 surface that has caused post-depositional drainage channels 244 to flow along its edges. As such, and because the deposition of F2 is also likely to 245 have overprinted any preexisting stream channels, the displacement of the 246 streams represents the displacement of the F2 deposit, and not any prior fault 247 offset. 248
249
As the motion on the fault at our study site is likely to be almost pure strike-slip, 250
we can also use the scarp height to estimate the maximum lateral displacement 251 of F1, because there are no linear, offset features available on this deposit. In 252 Figure 6 we show our method for estimating the maximum horizontal 253 displacement based on the height of the vertical scarp, assuming that the fault 254 motion at the site is pure strike-slip and that the scarp is formed by oblique 255
10
In the summer of 2009, large (30-50 cm in diameter), stable, and in-situ clasts 298 partially exposed at the surface were collected from F1 and F2. Each of these 299 clasts had a rind of pedogenic carbonate coating only present on the base of the 300 clast, which grew at depths equivalent to the thickness of the clast (30 50 cm), 301
and was later subsampled in the lab. In order to ensure that the carbonate grew 302 in situ, we only sampled clasts with a diameter of 30-50 cm that were firmly 303 rooted within the surrounding sediment. We also took care to select samples 304 from regions where the surface appeared stable and undisturbed, and far from 305 the margins of the alluvial surfaces or stream channels. Several samples were 306 collected from the two surfaces, but based on the carbonate having a thickness of 307 at least 1 cm and the quality of the pedogenic carbonate, material from two 308 separate samples were measured from F2 (MN09-OG12 and MN09-OG13), and 309 one sample from F1 (MN09-OG7). not possible to sample pedogenic soils from depth due to the large boulders 316 present in the deposit and the remote locality. We caution the reader that our 317 method is not the accepted practice. However, our results are still useful for 318 establishing a minimum age of the Ölgiy deposits because the surface cannot be 319 younger than the age of the pedogenic carbonate, and this is discussed further 320 below. 321
322
Pedogenic carbonate rinds were cross-sectioned with a diamond rock saw, 323 rinsed with 18Mcm (Milli-Q) water and dried, before sub-samples were taken 324 with a New Wave Research Micro Mill (Figure 7 ). Where possible, sub-samples 325 were taken from depressions cut parallel to visible stratigraphic layering within 326 the rind. Depressions were milled with a tungsten carbide drill bit, and were 327 typically 200 m wide. For each sub sample approximately 0.6 3.0 mg of powder 328 was collected with a scalpel, and weighed in a micro centrifuge tube on a 329 Ages from the two samples of the F2 surface are between 21 ± 4 kyr to 9 ± 5 kyr 406 (2 uncertainties). These ranges neglect the outermost stratigraphic samples, 407
which have large detrital contributions resulting in detrital corrected ages that 408 range beyond the date they were sampled (Table 1) . 409 an estimate of when carbonate began to accumulate on the two samples from the 458 F2 surface, which is based on a larger dataset because it takes into account the 459 results from each sub-sample of carbonate from both rinds. The results of 460 modeling the samples together are presented in Figure 9 and tends to be a long `tail' of old ages that are possible for the given inputs, but the 467 older ages have a much lower probability (Figure 9 ). The long tail of the 468 distribution of ages biases the mean to older values, but the median still 469 represents the value for which there is a 50% likelihood that the true value is 470 less than. We therefore use the median when quoting ages. For calculating fault 471 slip-rates, the age of initiation of carbonate growth is an approximation for the 472 timing of stabilisation of a landscape, because carbonate pedogenesis does not 473 occur in a high-energy environment. It should however be noted that there is a 474 potential for a lag between the deposition and stabilization of the landscape and 475 carbonate pedogensis, due to climatic conditions being unfavorable for 476 pedogenic carbonate formation at the time of surface abandonment. Therefore 477 the most useful aspect of the U-series results is the minimum age for growth 478 initiation. In order to calculate the slip-rate of the Ölgiy fault, the minimum ages 479 of stabilisation/deposition of the two surfaces is constrained by simply using the 480 minimum constraint from the range of boundary initiate results from the OxCal 481 model (in columns `from' and `to' in Table 2 (Table A4 in and because a standard calculator is used, the ages are easily recalculated using 568 adjusted constants. 10 Be data are reported in Table 3 CRONUS calculator, production due to muon flux is only varied by elevation, not 576 by latitude or time (i.e. ignoring magnetic effects); however muon production is 577 only a few percent of the total surface 10 Be production. High-energy spallation is 578 the most significant component of production, and there are five different 579 schemes generally used for scaling 10 Be production rates from spallation. 580
581
The simplest scaling scheme is from Lal (1991), improved by Stone (2000) , 582 which works on the variation of production rate by latitude and elevation (or 583 atmospheric pressure). We use this time-varying spallation production-rate 584 scaling scheme, with the modification of Nishiizumi et al. arising from the calibration of the ages, due to scaling schemes and production 687 rate uncertainties, which contribute to the total uncertainty, will all be correlated 688 between samples and should therefore be discounted when comparing between 689 samples of the same locality. Figure 11 shows the standard deviation of the F1 690 samples based on the internal uncertainties. assumption that there has been some surface lowering that has led to the spread 793 in ages in the samples (Table 3) . 794 795
Slip-rate of the Ölgiy fault 796
We present a range of slip-rates for the Ölgiy fault, calculated from our estimates 797 of surface displacement and the geochronological results from both F1 and F2. 798
All age constraints in this section are quoted at the 1 level for comparison 799 between U-series and cosmogenic results (see Tables 2 and 3 Bayesian probability distributions. This is the first study to apply Bayesian 844 statistics to U-series data from pedogenic carbonate, and we demonstrate that 845 this is a powerful approach. Dating of carbonate rinds provides only a minimum 846 age on surface abandonment, and so used alone the U-series technique cannot 847 bracket the full range of possible surface ages. The U-series data are, however, 848 able to confirm that the 10 Be concentrations in boulder samples have been 849 affected by post-depositional erosion, and hence they aid discrimination of the 850 scattered ages. Finally, although not a focus of the present paper, the U-series 851 dating provides a potential insight into the climatic history of a region. boulder ages, and we have excluded it from our estimates of surface 1225 abandonment age. A small adjustment (+0.059kyr) has been made to the U-1226 series data so that it is comparable to the exposure ages. 1227 Tables  1230   Table A1 : F2 uncertainties 1231 and 1, median (cross), and 95% interval of the age distribution (horizontal bar).
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